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ABSTRACT 

Methylatron-fragmentatron analyses were conducted on a senes of extra- 
cellular, yeast a-D-hnked marmans representmg SIX drfferent structural types D- 
Mannans of low degree of branchmg were produced by Hansenula capsulata strams 
and by specres related to H holstzr The former consrsted pnmanly of (1+2)- and 
(1 --, 6)-lmked D-mannosyl resrdues; the latter, of (132)- and (1+3)-hnked D-mannosyl 
resrdues Although the remammg structural types were highly branched, each gave 
distmct methylatron-patterns indrcatrve of (l-+lmked backbones to whrch are 
appended non-(1 +6)-lmked srde-chams Acetolysrs studres were correlated with 
the methylatron analyses, and the correlation demonstrated that each branched 
polymer possesses srde chams of heterogeneous length 

INTRODUCTION 

Neutral, extracellular D-mannans and glucomannans are formed when ortho- 
phosphate IS omltted from the culture medmm of yeasts that synthesize O-phosphono- 

D-marmans AlternatIve synthesis of D-mannans was first observed’ for Nansenzrla 

capsdata NRRL Y-1842 and H_ holstn Y-2448 Ths observatron was extended to 
other strams of these specres and to related genera that also produce extracellular 
O-phosphono-D-mannans’ All yeasts capable of excretmg O-phosphono-D-mannan 
can altematrvely make either neutral D-mannans or, m certam low-yreldmg strams, 
hghtly phosphorylated D-mannans Srmrlar yields rest& when a given stram produces 
either D-marman or O-phosphono-D-mannan Earher studres3p4 had mdrcated that 
various strams beIongmg to a given specres of yeast produce charactenstrc O-phos- 
phono-D-maMans We now find that charactenstrc D-mannans are also formed. 
The various specres make cr-D-lmked D-mannans that drffer m apparent degree of 
branchmg and m proportron and type of sugar-sugar lmkage 

*Presented before the DIVISION of Carbohydrate Chemntry, 169th Amencan ChenucaI Socrety 
Meetmg, PhrIadeIphra, PennsyIvama, April 6-11, 1975 
**Mention of fim~ names or trade products does not imply that they are endorsed or recommended 
by the U S Department of Agnculture over other firms or slrmfar products not mentioned 
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We have developed a procedure5 for g 1 c. separation, as peracetylated aldono- 
mtnIes, of a11 possible methyl ethers of D-mannose that could anse from methylatlon- 
fragmentation analysis of D-mannans In confirmation and extension of the work of 
Drmtnev ei al 6, distinctive mass spectra were observed for the various peracetylated 
aldononrtnles of tetra-, tn-, and dl-0-methyl-D-mannose We used combined 
gl c-m s of peracetylated aldonomtnles for the analysis of hydrolyzates of 
methylated, extracellular D-mannans from yeast In addition, acetolysls patterns, 
obtained by high-pressure, liquid chromatography (h p 1 c), have been correlated 
with the results of methylatlon analysis to provide ad&tlonal Information about 
vanous structures 

Some yeast strams previously studled make O-phosphonogIucomarmans 
and, altemahvely, produce neutral glucomannans on media from whch ortho- 
phosphate IS omitted3 Only D-mannans will, however, be dlscussed here, the gluco- 
mannans bemg the subject of a later report 

RESULTS 

Methykmon analyses - Methylatlon-fragmentation analyses were made 
of extracellular a-D-lmked D-mannans produced by various genera and species of 
yeast (see Table I) With the exception of Paclzysolen tannopkzlus D-mannan, orgamc 
phosphate (P) could not be detected m any of the polymers exammed. Strain NRRL 
Y-2461 D-mannan has a molar ratio of D-mannose P of 94 1, the correspondmg 
O-phosphono-D-mannan has a molar ratlo of D-mannose P of 4 2 1 

A single Hakomon methylatlon was sufficient to methylate the D-mannans 
completely Completeness of methylatlon was judged by the cntena of (I) cIose 
correspondence between the amounts of tetra- and dl-methyl ethers, representmg 
nonreducmg end-groups and pomts of branchmg, respectively, and (2) the presence 
of only a few types of methyl ether m each permethylated polymer No 2,3,6-tn-O- 
methyl denvatlve, representmg (I 44)-lmked D-mannosyl residues, was detected 
m any of the polymers. Furthermore, onIy the 2,4- and 3,4-dl-O-methyl derivatives 
were found, represenhng 1,3,6- and 1,2,6-tn- 0-substituted D-mannosyl residues at 
branch pomts The absence of (1+4)-lmked D-mannosyl residues and the mvolve- 
ment of (l-+6)-linkages at all pomts of branchmg suggest that the extracellular 
mannans resemble yeast cell-wall D-mannans exammed by others7*8. The latter 
D-marmans are beheved to consist of a-D-(1-,6)-hnked, backbone chams to which 
side chams of non-(1 +6)-lmked uruts are attached through either (l-+2)- or (l-+3)- 
In&ages9 lo For purposes of companson, the results described here are set forth 
m terms of the cell-wall D-mannan model 

Two maJor categones of D-mannan are evident In accord wth the small number 
of branch pomts and nonreducmg end-groups, D-mannans belongmg to the first 
category apparently have low degrees of branchmg These D-mannans are produced 
by strams of W capsulara, and by H holstzz stram and specxes related to It The 
correspondmg 0-phosphono-D-mannans are Iargely poly(phosphonc chesters) of 
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TABLE I 

MOLE PERCENTAGE OF MEl-HYLATED D-MANNOSE COMPONENTS IN 

HYDROLYZATES OF PERMETHYLATED D-hf4NNANS 
0 

Mannau NRRL 
No 

Methyt ethers of D-mannose 

2,3,4,6- 3,4,6- 2,4,6- 2,3,4- 3,4- 2,4- 

ffansenula capsdata 

Hansenula sp n 

Seienotda peltata 
Hansenuia holstn 

Hansenula ho fstrr b 
Pachysoien tannophrlus 

Torufopsrs prnus 
Achra sp 
Prchra mucosa 

Y-1842 25 

Y-1889 12 
YB-4661 26 
YB-3070 23 
YB-1443 13 

Y-688% 30 
YB-347 34 

Y-2154 22 
Y-2448 39 
Y-71 78 23 
Y-741 5 19 
Y-2460 264 
Y-2461 23 5 
Y-2023 19 2 

YB-2097 27 7 
YB-1344 22 8 

51 1 

53 8 
58 3 
59 1 33 4 
594 32 7 

50 3 42 7 
57 9 340 
60 8 35 4 
483 440 
57.7 32 5 
514 41 3 
42 9 Trace 
37 8 
541 
204 25 2 

42 48 0 

443 
42 3 
38 6 12 

199 
37 
24 
40 
17 
39 
17 

17 23 
21 26 1 
25 362 
97 169 

23 8 
26 23 20 1 

Trace of 3,ddimethyl ether also present “Near Torulopsrs rurckerhnmu (Dr C. P Kurtzman, personal 
communicatron) 

D-mannose ohgosacchandes, and have low molar ratios of D-mannose P rangmgl 1 l2 

from 2 5 1 to 6 1 More-h&ly branched D-mannans are found m the second category, 
which Includes Pachysden tannophtlus, Torulopsrs puws, Prchla sp , and Prchta 
mucusa D-mannans The correspondmg O-phosphono-D-mannans are polysac- 
chandes having hexosyl phosphoric dlester end-groups3p1 3 and, except for P tamo- 
phrlus, have kgher molar ratios of D-mannose P P rannophrlus O-phosphono-D- 

mannan has a molar ratlo of D-mannose P of 4 2 1, but aothmg IS known about its 
molecular structure 

The H capsdata polymers cons& mamly of (142)- and (146)-linked D- 

mannosyl residues W&I (143)~hnked D-mannosyl resrdues absent, even at ponds of 

branchmg Gorm and Spencer l4 obtamed slmrlar results for methylatlon analyas 

of a D-mannan extracted from the cell wall of ff cupsdata The presence of a large 
propofion of (1+6)-lmked D-mannosyl residues accounts for the sIgmficant amounts 
of fornuc acid released durmg penodate oxidation Erroneously, ths formic acid 
had been ascribed to (nonreducmg) D-mannosyl end-groups In a more highly branched 
polymer * 

Slrmlar D-mannans conslstmg mamly of (1+2)- and (l-+3)-hnked D-mannosyl 
residues, but devoid of (l-+6)-hnked residues except at pomts of branching, are 
produced by H ho&i and related species Hansenula sp n O-phosphono-D-mannan 
has a molecular architecture resembling that of H holstrr strains3 Strain NRRL 
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Y-6888, unlrke members of the genus Hansenula, cannot assnmlate NO, Desrgnated 
Seienotzla peltata by Yarrow 15, the specxes produces 0-phosphono-D-marmans 

*resemblmg those of H. sp n Stram NRRL Y-7178 was classrfied as H holster pn- 
marrly on the basis of its O-phosphono-D-mannan structure’6; thts conclusron IS 
remforced by the results of methylanon analysrs of rts D-mannan Stram NRRL 
Y-7415*, also of doubtful classticatron on morphologrc and nutrrtronal grounds, 
forms H holster-type 0-phosphono-D-mannan and D-mannan 

Turnmg to the category of hrghIy branched D-mannans, the results of methyla- 
tron analysrs suggest that T pznzs Y-2023 mannan has srde chams composed of 
(l-+2)-hnked D-mannosy residues, whtch are attached to a (1 -&)-hr.&d backbone 
through (1+2)-linkages The presence of 2,3,4-tn-0-methyl-D-mannose 111 the 
hydrolyzate of the permethylated D-mannan suggests that almost one-thud of the 
(l-+lmked D-mannosyl restdues are not involved m branching P fannophzlzzs 
n-mannans are also htghly branched, with (l-2).linked side-chains attached pnmarrly 
through (l-+3)-hnkages to (146)~hnked, backbone D-mamrosyl resrdues Some 
2,3,4-tn-0-methyl-D-mannose IS also present, m addrtron to 3&h-O-methyl-D- 
mannose 

The D-mannan of Pzchza sp YB-2097 IS the most hrghly branched Srde chams/ 
that contarn (l-+2)- and (1+3)-lmked D-mannosyl residues are apparently attached 
to (l-6)“lmked D-mannosyl resrdues of a backbone chant through (l-+3)-lmkages 
Evrdently, all of the mam-cham residues are Involved m branchmg 

Because P mucosa produces only neutral D-mannan, even In the presence of 
orthophosphate’, it does not truly belong to the farmly of yeasts that make extra- 
cellular O-phosphono-D-mannans Its extracellular D-mannan obvrously driTers 
from the other, hrghly branched D-mannans Here, (1+3)-hnJsed stde-chams are 
attached mamly through (l-+3)-hnkages to the (1+6)-hnked, mam cham Also 
present are small proportrons of 1,2- and 1,6-dr-, as well as 1.2,6-tn-, 0-substrtuted 
D-mannosyl residues 

AcetoZysz-s - Acetolysrs of yeast cell-wall D-mannans has been employed by 
Ballou and co-workers’ to prepare ohgosacchandes composed of non-(1 +6)-Imked 
srde-chains attached to (reducmg) D-mannose residues that were formerly part of 
the (1+6)-hnked D-mannosyl backbone Rosenfeld and Balloul’ found the relative 
rate of acetolysrs of the a-~-(1+6)-mannobrose to be far greater than that of either 
the ar-D-(1+2)- or or-D-(1+3)-mannose drsacchandes The data m Table I suggest 
that the extracellular D-mannans structurally resemble cell-wall D-mannans As 
the latter possess side chains varying m length and m hnkage composrtton, acetolysrs 
was performed on extracellular D-mannans, representmg the general polymer types 
lrsted m Table I, to determme whether they, hkewrse, possess these structural features 

H p 1 c of the acetolysts products (see Fig 1) yrelded a senes of symmetrical 
peaks whose retentron tunes are hsted m Table II The retentron tnnes of a mrxture 

*Thus stram was provided by Dr J P Van der Walt, South At&an Council for Saentk and 
Industnal Research, Pretona 
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Hansenula ~apsulafa 
Y 1842 

_.a_ 
0 

Hansendo halstrl 
Y 2448 

--Jw 
0 

Pochysolen tannophJus 
Y 2460 

-lk 
0 

Torulapsts prnus 

Pichro sp 

YB 1344 

A+ 

0 

FIN I High-pressure, hqmd chromatograms of acetoIysls products of D-InanIIanS [U designates 
the paint of sample Injection The broken, base-hne peak represents the solvent front Column 
(4 mm I d x 30 cm) PBondapak-NH2 @artvzle srze 10 /rm) Solvent 7 13 water-acetomtnle pumped 
atlml mm-l] 

TABLE II 

RELATIVE hfOLE AMOUNTS OF OLIGOSACCHARIDES PRESEhT IN ACETOLYZATES 

Mannan NRRL 
NO 

ToruIopsrs prnus Y-2023 
Pachysoien 

tannophrlus Y-2460 

Achra nmcosa YB-1344 
Prchza sp YB-2097 

Hansenrda 
capdata Y-l 842 

Hansenula iiolstu Y-2448 

50 54 32 48 72 04 04 05 05 06 

100 37 36 119 13 07 10 09 
137 49 30 74 42 06 07 01 
150 107 32 40 12 14 09 09 04 04 03 

81 93 143 41 10 13 02 
120 22 8 67 36 16 

Degree of polytner~zat~on 

2 Z 3 4 567 8 9 IO 11 

Average 
retentron-tune 
(mm) 44 49 57 65 74 87 101 118 133 157 

of D-gIucose, maltose, maltotnose, and maltopentaose were, respectively, equal to 
those of compounds 1, 2, 3, and 5 m the nuxtures of acetolysrs products Therefore, 
the first five acetolysls peaks were consldered to represent, respectively, D-manno- 
ohgosacchandes of degree of polymemtlon (d p ) of l-5 In ad&tlon, the vanous 
acetolysls rmxtures yrelded regularIy spaced, succeedmg peaks, and these were, 
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tentatively, assigned d p values of 6-l 1 The refractive mdlces per umt weight of 
D-glucose ohgomers of high d p are approximately equal” For the standard senes 
of D-gluco-ollgosaccharides, we found that D-glucose and maltose give greater 
response than the h&er ohgomers as regards refractive mdex Assummg that the 
same relatlonslup holds for the D-mannose ohgomers, we multlphed the refiachve 
mdex responses of D-mannose and apparent D-mannose drsaccharrde by 0 86 and 
0 90, respectively 

For each chromatogram, the area under each peak was measured and, after 
the correctron factors had been applied to D-mannose and the dlsacchande, was 
expressed as a percentage of the total area Thus percentage area represented the 
percentage of D-mannose units m the chromatogram The percentage area in each 
peak was dlvlded by its asslgned d p value, to gve the relative mole amounts of the 
ollgosacchandes present (see Table II) 

Because acetolysIs breaks down the a-D-(1 +6)-lmked, backbone cham, the 
ohgomers resultmg represent the non-(1+6)-lmked side-chams of the ongmal 
polymers plus the smgle backbone units to which they are attached This hypothesis 
may be tested by determlmng, from acetolysxs data, the degree of branchmg of a 
polymer and comparmg It to the degree of branchmg determmed from methylation 
data 

In the generahzed D-mannan structures, each (l-+6)-lmlced, nonbranchmg, 
backbone umt was acetolyzed to a monomer Therefore, the proportlon of sugar 
(d p 1) should correspond to that of 2,3,4-ti-O-methyl-D-mannose sven m Table I. 
Each ohgomer of d p 22 represents a branchmg D-mannosyl residue and a (non- 
reducmg) D-mannosyl group The sum of the relative, mole quantltles of all ohgomers 
of d p 22, therefore, represents both the number of branch points and nonreducmg 
end-groups Ohgomers of d p > 3 contam, m addltlon, non-(1 -+6)-lmked, internal, 
D-mannosyl residues Therefore, the sum of the quantity of all ohgomers multipI& 
by their correspondmg value of d p mmus 2 represents the total amount of non- 
(l-+6)-linked D-mannosyl residues These calculations were made for each acetolysls 
rmxture, and are expressed m Table III as the 2,3,4,6-tetra-, 2,3,4&-l-, non-2,3,4-trl-, 
and di-O-methyl denvatlves expected from methylatlon of the assumed structures 
that would lead to the acetolysls products Appreciable cleavage of any (142)- or 
(l-+3)-lmkages would lead to elevated values for the amounts of free D-mannose 
(d p 1), whch IS a measure of the 2,3,4-tn-O-methyl component 

In general, d acetolysls indicates a degree of branchmg greater than that shown 
by methylatxon, the extra srde-chams could arIse from orlgmal ones contammg 
Internal (l-+6)-lmkages that have been cleaved However, shouid methyiation show 
branching greater than that mdlc&ed by acetoIysls, it reveals clearly that the side 
chains are mtemally branched 

For the highly branched D-mannans produced by strains Y-2023, Y-2460, 
and YB-1344, close correspondence between acetolysls and methylation data indicates 
that the assumptions of (a) hear, (1 +6)-lmked backbone, and (b) linear, non-(1 *6)- 
lmked srde-chams dre probably correct Methylatlon and acetolysls data on D- 
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TABLE III 

CORRELATION OF METHYLATION AND ACETOLYSIS DATA 

Mannan NRRL 
NO 

Dara 
sour& 

Calculated percentages of methyl ethers 

Tetra- 2,3,4- Non- Di- 
TT1- 2,3&n- 

Toruiopsrs prnus 

Pachysolen tannophrl~ 

Pxhra mucosa 

Pwhra sp 

Hansenula capsulata 

Hansenda holstrr 

Y-2023 Me 192 97 54 1 169 
AC 22 8 50 49 3 22 8 

Y-2460 Me 264 21 42 9 26 1 
AC 23 0 10 1 445 23 0 

YB-1344 Me 22 8 26 52 2 22 4 
AC 21 7 13 8 42 9 21 7 

n-2097 Rle 27 7 45 6 23 8 
AC 23 2 15 1 38 6 23 2 

Y-1842 Me 25 443 51 1 20 
AC 300 81 31 8 300 

Y-2448 Me 39 92 3 39 
AC 345 12 2 19 0 345 

‘Me = methylation adysls , AC = acetolysls 

mannan from stram YB-2097 are also m general agreement, except for the large 
proportlon of (1+6)-linked units mdlcated by acetolysls 

Divergent data are gven by acetolysls and methylation of the more-hnear 
D-mannans produced by strams Y-1842 and Y-2448 The chromatogram of the 
acetolysls products of Y-2448 D-mannan gave only about 10% of the peak area given 
by the other D-mannans, thus result accords with the paucity of (l-+6)-hnked umts m 
the D-mannan and with the concept that acetolysls affords a large number of oh- 
gomers of d p > 11, whch are retamed on the column 

DISCUSSION 

Characterlstlcs of mdwrdual classes of D-mannans. 
Pachysolen tannophdus D-mamzans - Methylation analyses of P tannophrlus 

D-mannans give component ratios mdlcatmg a termmal o-mannosyl group, two 
(l-+2)-hnked D-mannosyl residues, and branchmg through either a 1,3,6- or a 1,2,6- 
trl-O-substituted sugar residue Assummg the backbone &am to be exclusively 
(l-+6)-111&d, the structure can be drawn as shown (where M IS a D-mannopyranosyl 

? 
f 
1 

T 
M-(1+2)-M-(1-+2)-M 



232 F R SEYMOUR, M E SLODM, R D. PLAT-I-NER R. M STODOLA 

group or residue, or a D-mannopyranose residue), with a three-umt side-cham linked 
to all backbone sugars Although thrs structure represents the average cham-length, 
it does not Imply that all srde-chams are exactly three umts long On the basrs of 
acetolysrs data, the d p of the side cham ranges from 1 to 7 As each acetolysrs 
ohgomer IS assumed to contam one sugar molecule from the backbone, the length 
of each srde cham resultmg from an ohgomer is d p mmus 1 When the products of 
the relatrve mole amounts of each ohgomer multrplxed by the respective value of 
(d p mmus 1) are summed, and when thrs value 1s dlvrded by the sum of the relative 
mole amounts, the average cham-Ien,@, as given by acetolyws, IS obtamed For 
Y-2460 mannan, &LEus value IS 2 9, m excellent agreement with the average cham- 
length of 3 determmed by methylatron analysis The least-accurate acetolysrs value, 
d p 1, which could partially anse from stde-cham cleavage, does not dnectly enter 
into thrs calculatron 

Prchra mucosa D-mannmt - D-Mannan YB-1344 IS Indicated by methylatron 
analysis to have one o-mannosyl group, two (1+3)-lurked o-mannosyl residues, and 
a 1,3,6-trr-O-substrtuted branching sugar residue A small proportlon of 1,2,6-trl- 
U-substituted D-mannose residue IS also present Using the (1 -+lmked backbone 
assumptron, the structure 1s as follows Agam, acetolysrs shows that a range of srde- 

? 
t 
I 

T 
M-_(l->3)-M-(1--t3)-M 

chain lengths exists and that an average length of side chain of 2 8 can be calculated, 
a value still m good agreement v&h metbylatron data 

Prchra sp D-mannan - According to the results of methylatron analysis, 
YB-2097 D-mannan has a D-mannosyl group, a (l-+2)-lmked D-mannosyl restdue, 
a (l-3)-linked D-mannosyl restdue, and a branchm, = 1,3,6-trr-O-substrtuted residue 
This analysis agrees with the structure shown, m which the order of the (142)- 

M-(1+3)-M-(1-+2)-M 

and (1+3)-lmkages m the side cham are not known In addrtron, a small degree of 
(l-+2)-branchmg occurs from the backbone cham Acetolys~s data again indicate a 
size drstnbutron for the cham length, wrth an average length of 2 7 

Torulops~s pmus D-manna?2 - n-Mannan Y-2023 apparently doffers from 
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the aforementroned polymers, because rt contams some (l-+6)-hnked D-mannosyl 
resrdues not mvolved m branchmg The ratro of sugars present may be approxrmately 
expressed as one D-mannosyl group, three (l-+2)-hnked D-mannosyl resrdues, one 
(146)~hnked D-mannosyl residue, and a I ,2,6-trr- U-substituted, branchmg sugar 
residue Two general structures (A and B) may be drawn The posrtxon of the (l-+6)- 
lmkage m structure B may be at any nonbranchmg posrtron m the srde cham, wrth the 
exceptron of the nonreducmg, termmal posrtron 

fy-(146)-M-(1+6)f +f-(I+ 61% 

z‘ ZI 
t ? 
1 1 

7 T 
M-(l-t2)-M_(1-t2>-M~l~2)-M M-(1-+2)-M-f1~2~-M-(1-+6)-M-(1-+2)-M 

A B 

Acetolysrs data mdrcate a range of d p of the srde cham of 1 to 9 The acetolysrs 
data also suggest that structure B IS the more hkely, because an average side-cham 
length of 3 1 umts IS calculated Thts calculated value accords with a smgle, (l-+6)- 
lmked D-mannosyl residue m the side cham, whrch would be broken on acetolysrs, 
together wrth a smaller amount of monomer, which would anse from nonbranched, 
(1 -&)-lmked units m the backbone cham 

Hansenula capsulata D-manmnzs - For the class of polymers represented 
by Y-1842 D-mannan, methylatron analysrs mdrcates little branchmg, with a ratio of 
one D-mannosy! group, 22 (l-+6)-lurked D-mannosyl residues, 25 (1+2)-lmked 
D-mannosyl residues, and one 1,2,6-trr- O-substrtuted, branching sugar resrdue A 
structure resembling that of the Y-1842 D-mannan, yet accommodatmg the (l-+6)- 
lrnked backbone concept, would have long sequences of unbranched, (l-+lmked, 
o-mannosyl residues m the backbone, and srde chains consrstmg of extended sequences 
of (1+2)-lurked D-mannosyl residues Acetolysrs analysrs shows that such a structure 
cannot be correct A large number of ohgomers of low d p are observed that cannot 
be reconcrled with thus structure In fact, accordmg to acetolysrs, the average cham 
length 1s only 2 1 Thrs value suggests that a large number of (l-+6)-linkages must 
occur m the srde chams, and renders unhkely an exclusrvely (146)~lmked, backbone 
chain 

H holstu D-manna?ZS - The class of polymers represented by Y-2448 D- 

mannan also points up drfferences between methylatron and acetolysrs data Methyla- 
tron data indicate a ratio of one D-mannosyl group, 12 (1+2)-lmked D-mannosyl 
residues, 11 (l-+3)-hnked D-mannosyl residues, and one branchmg, 1,2,6-trr-O- 
substituted sugar residue The presence m N izoZstzz D-mannans of (1+6)-linkages 
solely m the low proportron of branch points suggests devratron from the (l-6)- 
lmked backbone model Other possrble structures might involve repeatmg drsac- 
chande sequences of (1+2)- and (1+3)-linked D-mannosyl residues, or else extended 
sequences of (l-+2)- or (143)-lmked D-mannosyl residues Occasional side-branching 
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wodld occur. Acetolysis gave only a weak chromatogram (- 10% of the total mtenslty 

of the other acetolysrs chromatograms) of ohgomers of small, average d p (1 5) 
A probable explanatron IS that the column retamed the bulk of the long srde-chams, 
and consequently, we detected only the internally cleaved products of non-(1 +6) 
bonds in the srde chams Therefore, wrth no mformahon available on the dMriiu- 
hon of side-cham lengths, except that most must be qmte long, the structure proposed 
represents the hkellest possrbrhty 

All drscussion of acetolysrs IS predrcated on the complete and exclusive hydrolyses 
of (1+6)-bonds If some hydrolyses of non++) bonds occurs, the percentage of 
fractrons of low d p wrll Increase Indeed, m some of the h p 1 chromatograms, the 
proportion of sugar of d p 1 IS larger than can be accounted for by the (l-+6)-hnked 
D-mannosyl residues as determmed by methylation analysrs Conversely, rf some 
(I-&)-linkages are not ruptured, larger olrgomers m the cbromatograms could 
result from two adjacent side-chains remarmng hnked by a backbone (1 +$)-bond 
The patteXas of certam of the h p 1 chromatograms suggest thrs possrbrhty, e g , 
Y-2460 D-mannan gives strong peaks for ohgomers of d p 1, 2, 3, and 4, followed 
by much weaker peaks for those of d p 5, 6, 7, and 8 The actual determmatron of 
whether either under- or over-acetolysls occurs awarts a careful exammatron of the 
structures represented rn the ohgomer fractrons 

Althougb there are drstmctly drfferent classes of extracellular, a-D-lmked 
D-mannans, we have confirmed that, m general, the (1+6)-linked backbone structure, 
previously demonstrated by others’-” to occur m yeast cell-wall D-mannans, also 
occurs 111 extracellular D-mannans havmg a hrgh degree of branclung Two cIasses 
of extracellular D-mannan, from Toruiopsrs pm4s Y-2023 and from H capsulara, 

apparently also contain (I-+6)-hnkages m the srde chains Acetolysrs further dem- 
onstrates that, even though each species of yeast produces a drstinchve type of poly- 
saccharrde, great heterogenerty apparently exists w~thm the side chams of any given 
D-mannan A snmlar srtnation exrsts in cell-wall D-marmans and O-phosphono-D- 
mauuan$ It is, therefore, remarkable (considering, also, the yeasts whrch eIaborate 
extracellular glucomannans) that such drverse polysaceharrde structures are specified 
by organrsms belongrng to a narrow phylogeneuc area”. 

Is there a relatronslup between the extracellular D-mannans and cell-wall 
D-mannan? only one example 1s avarlable that bears on thm queshon GOM and 
SpencerI extracted with hot aqueous alkali an or-D-lmked D-mannan from H 
capsulata Y-1842 cells grown m a medmm low m phosphate This polysaccharide 
resembles the extracellular D-marman structurally, except for certam Merences m 
the ratros of components. The cell-wall D-mannan contamed one nonreducmg end- 
umt m 23 (excludmg the branch pomt), and (1+2)- and (1 +6)-hnked D-mannosy 
residues m the ratro of 2 l-l. We find that the extracellular D-mannan contains one 
nonreducing end-umt 11147, and (142)- and (l-+lmked D-mannosyl residues m an 
almost 1 1 ratio Is the phosphonc drester form of the polysaccharide conserved in 
the walls of yeast grown on a me&urn low m phosphate7 Thrs questron cannot be 
auswered by study of material prepared by hot alkahne extrachon, because thrs 
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treatment removes esterSed phosphate *, but a solution may be gwen by studies 
that employ 31P nuclear magnetic resonance spectroscopyzO on Intact ceils 

Our expenence, as well as that reported by Jeanes et al 21, has been that the 
extracellular D-mannans and O-phosphono-D-mannans, when pun’ied by mrld 
procedures’ ‘, contain 0nIy traces (less than I%) of protem In contrast, D-mannans 
extracted from cell walls by mild procedures contain srgmficant proportrons of 
covalently bound protem23 _ Tlus drtference may be related to the mechamsm where- 

by D-mannans and O-phosphono-D-mannans are liberated mto a medmm 

EXPERIMENTAL 

General - Growth of yeasts, as well as rsolatron and purrficatron of D-mannans, 
has been described earherzB3 Lyophrhzed D-mannan preparatrons were used exclusrveiy 

Methylatron and hydrolym - Permethylatron of D-mannans was performed 
by the procedure of Hakomorr24 The drmethylsulfinylsodmm reagent was prepared 
either as described by Sandford and Conradz5 or by SJoberg26 D-Mannan (5-20 mg) 
was dried m vamo over phosphorus pentaoxrde for 2 h at 60” and then dissolved m 
drmethyl sulfoxxde (4 ml, dried over 4A molecular sieve) with the aid of magnetic 
strrrmg for 1 h under nitrogen Hakomorl’s reagent (0 4 ml) was added, the nurture 
was strrred for 30 mm, and methyl iodide (0 4 ml) was added The mixture was stirred 
for 30 mm, and then dralyzed for 12 h against runnmg tap-water 

The dialyzed, aqueous suspension of permethylated D-mannan was evaporated 
to dryness m a rotary, vacuum evaporator at 50”, and the product dried by adding 
and evaporating absolute ethanol (2 x 5 ml) Alternatrvely, the permethylated D- 
mannans were dned by lyophmzatron To the dned resrdue were added 16 drops of 
0 5M sulfuric acrd in 95% acetic acid [solution made by adding 5M sulfurx acid 

(5 ml) to glacial acetrc acid (95 ml)], this mixture was stirred and heatedz7 for 12 h 
at 80” Water (16 drops) was added to the solutron, and heating and sturmg w$re 
continued for 5 h Sulfate Ion was removed from the hydrolyzate by passing it through 
a column (0 5 x 5 cm) of Dowex AG 2-X8 (AcO-) amen-exchange resm, and the 
column was eluted and washed with successive portions (4 ml) of water and methanol 
The eluate was evaporated to dryness at 40” m a rotary, vacuum evaporator, and the 
product dned by adding and evaporating absolute ethanol (2 x 5 ml) 

Denvatrzatron of the methylated sugars to form peracetylated aldonomtrrles, 
and the analysis of the latter by g 1 c -m s has been descnbed5. The Identity of each 
methyl ether was established by comparison of its relatrve retention-time m g 1 c 
with that of a known, methylated-peracetylated aidonomtnle As the gas chromato- 
graph was coupled to a mass spectrometer, the identitles of the emergmg peaks were 
conf?rmed by then characterrstrc mass spectra, these were Identical to those grven 
by known reference-compounds Umdentrfied, extraneous peaks amounted to less 
than a few percent of each g 1 chromatogram The area under each g 1 c peak was 
measured, and expressed as a percentage of the total area of the peaks m the chromato- 
gram The detector response was considered to be equal for each compound, and the 
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relative propotions of peracetylated aldonomtnle were taken to reflect the ratios of 
correspondmg, undenvatied methyl ethers of D-mannose m the hydrolyzate Equlv- 
alent results were obtamed by measurmg the total, fragment-Ion output for each 
g 1 c peak as measured m the computer-assisted, mass spectrometer Response of 
the mass spectrometer to the various methylated, peracetylated aldonomtnles 1s 
snmlar to that of a g 1 c , hydrogen-flame loruzatlon-detecto?. 

Acetolyszs - Acetolysls was conducted on D-mannan (100 mg), essentially 
as described by Kocurek and Ballou 28 The products of acetolysls were deacetylated . 
accordmg to the procedure of Toni et al 2g The resultmg solution of ohgosacchandes 
was evaporated to dryness, so that the residue could be dissolved in water (1 ml) 
before filtration through a 0 45-,um Mrlhpore filter (type HA) m a Swmny hypodermlc- 
syrmge adaptor. 

Analysts of the acetolysls products was performed with a Waters Associates 
PBondapak-NH, (paticle size, 10 pm) “carbohydrate” column (4 mm I d x 30 cm) 
m a Waters Associates ALC-100 hquld chromatograph equipped with a merentlal 
refractometer. The solvent system was 7 13 water-acetomtnle3’ pumped at 1 0 ml. 
mm-l Results were excellent with (a) 7-d samples that contamed 0 1 to 0 3 mg 
of carbohydrate, (b) detector attenuation settmgs of 8X, and (c) resolution observed 
for all components, base-hne separation was complete with the solvent system of 
3 7 water-acetomtie 
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